The oscillating eccentric rotor has been widely studied to model resonance capture phenomena occurring in dual-spin spacecraft and rotating machinery. This phenomenon arises during spin-up as a resonance condition is encountered. We consider the related problem of rotor despin. Specifically, we determine nonlinear feedback control laws that not only despin the rotor but also bring its translational motion to rest. These globally asymptotically stabilizing control laws are derived using partial feedback linearization and integrator backstepping schemes. For the case in which the oscillating eccentric rotor is excited by a translational sinusoidal forcing function, the control law is shown to attenuate the amplitude of the translational oscillation.
Introduction
We are ultimately interested i.T~ controlling dual-spin spacecraft; however, in this paper, we analyze a model that embodies similar dynamical behavior: the oscillating eccentric rotor. The control problem involving dual-spin spacecraft is concerned with reducing nutation that becomes excited during spin-up. The interaction between spin and nutation has been modelled in [ 12] by means of the oscillating eccentric rotor where translation represents nutation. The interaction between rotation and translation in the oscillating eccentric rotor is analogous to the interaction between spin and nutation in dual-spin spacecraft.
The oscillating eccentric rotor consists of an unbalanced rotor attached to an elastic support. This system has been used as a simplified model to study the resonance capture phenomenon in dual-spin spacecraft during spin-up under small constant torque [4, 7, 12, 15] . The capture phenomenon represents the failure of a rotating mechanical system to be spun up by a torquelimited motor to a desired terminal state due to its resonant interaction with another part of the system [3, 12] . In [3, 12] , the dynamics of the oscillating eccentric rotor were analyzed using perturbation theory, while in [7] control laws for rotor spin-up under limited torque were obtained and extended to dual-spin spacecraft.
In this paper, we consider the oscillating eccentric rotor but, rather than spinning up the rotor, we seek feedback control laws that globally asymptotically stabilize the entire system, both rotation and translation, to the rest state using only a torque actuator. Aside from potential application to dual-spin spacecraft, such control laws for the oscillating eccentric rotor are of independent interest. For example, the controlled oscillating eccentric rotor serves as a rotational actuator for suppressing translational vibration [2] .
The synthesis technique used to obtain globally asymptotically stabilizing control laws involves partial feedback linearization [1, 10, 11] and integrator backstepping for cascade systems [1, 6, 8, 13] . In particular, we apply partial feedback linearization to transform the dynamical equations of the oscillating eccentric rotor into a system in cascade form. Then we derive stabilizing control laws for the system in cascade form using integrator backstepping. Control laws for the original system are then obtained by applying the reverse transformation.
Dynamic Model of the Oscillating Eccentric Rotor
The oscillating eccentric rotor shown in Figure 1 consists of an unbalanced point mass of mass m attached to a rotary disk of inertia I which is riding on a cart constrained to move horizontally. The moving cart is attached to a wall by a spring with spring constant k. Let M denote the total mass of the disk and the cart, and let e denote the distance between the center of the disk and the unbalanced mass. For simplicity, we assume that the motion is confined to the horizontal plane so that there are no gravitational effects. Let xc denote the translational position of the center of the disk from its equilibrium position, and let 0 denote the counter-clockwise rotational angle of the unbalanced mass where 0 = 0 corresponds to a 90-degree rotation from the spring axis as shown in Figure 1 . Let N denote the control torque applied to the disk and let F denote a translational disturbance force applied to the moving cart. Note that I = 0 is allowed, that is, the disk may be massless. The equations of motion for the system are given by [3, 7, 12, 15] 
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